Peppers and chilies belong to the Solanaceae family and to the genus Capsicum. The production of this vegetable is increasing in Brazil. However, there are several phytosanitary problems that are causing heavy losses to the culture, among them anthracnose. The objective of this study was to evaluate the genetic diversity of the Capsicum Germplasm Active Bank (GAB) of the UNEMAT based on components resistant to the fungus Colletotrichum gloeosporioides. 88 accessions of Capsicum spp., belonging to the Germplasm Active Bank of UNEMAT, were evaluated for reaction to the fungus Colletotrichum gloeosporioides. The experimental design was completely randomized blocks with three replications, being four unripe fruits and four ripe fruits per repetition. Both ripe and unripe fruits were collected from each plot, taken to the laboratory, disinfected and packaged in Styrofoam trays covered with a transparent plastic bag; inside each tray, moistened pieces of filter paper were placed to build the humid chamber. The trays were in an environment with a temperature controlled at 24°C ± 2. The evaluation of all the fruits was performed daily based on the measurement of lesion diameter and length of each fruit with an interval of 24 hours between each evaluation for 11 days. The assessment data were subjected to multivariate analysis and to the UPGMA clustering method. There is genetic variability in the GAB of UNEMAT with the formation of different accession groups based on resistance to anthracnose for both clustering methods applied, i.e., UPGMA and Modified Tocher. There was the formation of four groups in the dendrogram, especially regarding the accession 81 (C. annuum), which had the highest genetic dissimilarity in relation to other accessions, standing isolated in one group. According to the 3D dispersion graph, there was the formation of three groups with genetic dissimilarity among them. According to the modified Tocher method, there was the formation of five groups; the accession 38 (C. chinense) was grouped separately from the other accessions in the group five. The resistance components that had a higher relative contribution to estimate the genetic variability among analyzed accessions were area under the disease progress curve (AUDPC), lesion diameter and length on the seventh day of evaluation (DL7), and incubation period (IP), but it is necessary to use at least seven variables and explain 80% of the variability of the experiment.
Introduction
The Solanaceae family comprises 150 genera and over 3,000 described species. Its possible origin is in Central and South America. In Brazil, it has an occurrence of more than 449 species, including 15 species endemic to the country. The family stands out for its wide commercial, industrial, medical, food and ornamental use. Among the species of the family, potato, tomato, tobacco, pepper and chili are important (Giacomin, 2010) . Peppers and chilies belong to the genus Capsicum, with over 35 described species, grown in different parts of the world, especially in tropical countries. Brazil is a major pepper producer. This vegetable is in all regions of the country, especially in the Southeast, Midwest and Northeast. Five species are commonly domesticated: than 10 compounds. However, the most studied compound is the alkaloid capsaicin (Keppel, 2007) . The market of peppers has gradually been growing. This increase in pepper consumption may be explained by the different uses of the product in natura, in homemade pickles and industrial products such as pastry, jellies and sauces (Wagner, 2003) . According to FAO (2014) , Brazil is the world's fourth greatest producer of pepper, with an average production of 46,697.33 tons between 2012 and 2013 . The production of pepper in Brazil in 2012 was 250,000 tons, making the country one of the greatest producers of pepper in the world (IBGE, 2012) . Despite the growing production of this vegetable, there are several phytosanitary problems that have caused significant losses to the culture, including anthracnose, which is considered a major disease of chili and pepper in all producing countries.
Anthracnose in Capsicum is caused by fungi of the genus Colletotrichum such as C. gloeosporioides, C. acutatum, C. capsici, C. dematium and C. coccodes. In Brazil, anthracnose in Capsicum is caused mainly by the fungus Colletotrichum gloeosporioides, which infects the fruit, and by C. acutatum, which infects different parts of the plant. C. gloeosporioides is also known in the teleomorph form as Glomerella cingulata. It belongs to the subdivision Ascomycota, order Phyllachorales, class Pyrenomycetes and family Phyllachoraceae (Alves et al., 2008) . Anthracnose in Capsicum is a complex etiology, characterized as one of the most destructive diseases of peppers and chilies in tropical and subtropical regions, where its dissemination occurs especially in cultures that are made in open field during hot, humid periods. The disease affects mainly the fruit, causing dark-colored necrotic lesions with a circular shape and a variable diameter, from which a mass of spores called conidia emerges (Pereira et al., 2011) . The fungus develops mainly during storage. When in environments with favorable temperatures, it reproduces and grows rapidly. Due to its high pathogenic variability, there are difficulties in obtaining cultivars that are more resistant and durable. Therefore, it is extremely important that studies on its genetic diversity be conducted in order to obtain materials that have a genetic resistance to the disease (Viana et al., 2007) .
The genetic diversity study is the process by which differences between individuals or groups of individuals or populations are analyzed by a specific method or a combination of methods. The multivariate analysis has been used in some studies on pepper, where the goal is to identify sources of variability and genetic diversity among Capsicum accessions by applying clustering methods aiming to design plant-breeding programs (Sudré et al., 2006; Monteiro et al., 2010) . Therefore, the objective of this study is to evaluate the genetic diversity of the Capsicum Germplasm Active Bank of the UNEMAT based on components resistant to the fungus Colletotrichum gloeosporioides.
Results
All variables were significant by F test at 1% significance level. The coefficients of variation ranged from 19.09% for incubation period of ripe fruits (IPR) to 171.92% for AUDPC, the latter due to a wide variation between the values for each genotype and the presence of null values for some accessions (Table 2a and 2b). With the application of the  clustering methods, a dendrogram, a 3D dispersion analysis  graph, a table with a grouping by Modified Tocher and a  table with the importance of the characters were obtained.
Dendrogram
The accessions were distributed to groups by the hierarchical UPGMA clustering method based on the genetic similarity found among genotypes according to the evaluated resistance components. This resulted on a dendrogram with a significant cut between 10% and 12%, generating six groups genetically distinct, with similarity inside groups and dissimilarity between groups. The first group was formed only by the UNEMAT 38 genotype of the species Capsicum chinense, being divergent in relation to the other treatments. This genotype had a lesion exceeding 70% of the fruit at the last day of evaluation (day 13). At the seventh day of the lesion evaluation, it had already exceeded 50% of the fruit.
The second group was subdivided into two groups at 7%. In one subgroup was the UNEMAT 1 genotype identified as Capsicum annuum and in the other subgroup was the UNEMAT genotype 81, Capsicum annuum (Fig.1) . The Third group was formed only by the UNEMAT 151 genotype of the species C. baccatum var. pendulum. The fourth and fifth group are each formed by 5 accesses. In the fifth group are present accesses 66, 63, 134, 167 and 103, and the sixth group was formed by the access 170, 97, 39, 16 and 52. The sixth group was formed by the other 74 accesses.
3D dispersion analysis
Based on the genetic similarity of the accessions and using a cluster analysis with a 3D graphical projection, it was possible to observe the formation of three different genotype groups. There were genetic divergences among these groups (Fig. 2) chinense. For groups I and II, the grouping isolated from other accessions was consistent with the grouping performed in the dendrogram, which confirms the genetic variability among these accessions in relation to the others present in the GAB.
Analysis by the modified Tocher optimization method
By the modified Tocher optimization method, there was a distribution of 88 accessions to five groups (Table 3) , highlighting the latter two groups, which showed a greater genetic similarity with other analyzed accessions. The first group consisted of 44 accessions with a genetic similarity among them. The second and the third group were formed by 24 and 14 genotypes, respectively. The third group was formed by five accessions, i.e., UNEMAT 56 Capsicum chinense, UNEMAT 151 C. baccatum var. pendulum, UNEMAT 66 C. baccatum var. baccatum, UNEMAT 63 C. chinense and UNEMAT 81 C. annuum. The fifth and last group was formed only by the genotype UNEMAT 38 of the species C. chinense. 
Relative contribution of characters
Upon evaluating the relative contribution of characters for genetic diversity among 88 accessions analyzed using the generalized Mahalanobis Distance, it was observed that seven variables are required to compose 80% of the diversity found in the experiment, including ruling out the use of canonical variables. The variables with the greatest magnitude in the experiment, in a descending order of contribution, are AUDPC for unripe fruits with a 15.54% contribution, LD7 with 10.91%, LL7 with 8.60%, LR of ripe fruits with 7.93%, IP of ripe fruits with 7.36%, IP of unripe fruits with 7.14%, and LD7 of ripe fruits with 7.02% (Fig. 3) . Thus, for this experiment, AUDPC had the greatest contribution to genetic diversity among the accessions analyzed, even with 58.05% and 171.92% coefficients of variation for unripe and ripe fruits, respectively.
Discussion
In this study, it was observed that within each group formed by clustering methods, there are different species, proving they are genetically close as for the response reaction to the fungus C. gloeosporioides. Sudré et al. (2005) , upon applying multivariate techniques to evaluate the genetic divergence among 56 accessions of the germplasm collection of Capsicum spp. of the UENF, based on key morphological and agronomic descriptors, obtained a dendrogram with the formation of seven genetically distinct groups among themselves, with different species within each group. Monteiro et al. (2010) ** significant at 1% probability by F test. Incubation period (IP); Latent period (LP); Number of days until the lesion reached 50% of the fruit length (ND50L); Number of days until the lesion reached 50% of the fruit diameter (ND50D); Lesion
Diameter at the seventh day of evaluation (LD7); Lesion length at the seventh day of evaluation (LL7); Diameter ratio (DR); Length ratio (LR); Area under the disease progress curve (AUDPC). ** significant at 1% probability by F test. Incubation period (IP); Latent period (LP); Number of days until the lesion reached 50% of the fruit length (ND50L); Number of days until the lesion reached 50% of the fruit diameter (ND50D); Lesion
Diameter at the seventh day of evaluation (LD7); Lesion length at the seventh day of evaluation (LL7); Diameter ratio (DR); Length ratio (LR); Area under the disease progress curve (AUDPC).
Fig 2. 3D dispersion graph using the UPGMA clustering method of the 88 accessions of Capsicum spp. from the GAB of UNEMAT, where there was the formation of three genetically distinct groups, with genetic similarity between accesses of the same group. qualitative descriptors using the UPGMA method. In this study, there was also the formation of four groups using UPGMA based on the components resistant to C. gloeosporioides, data that can be seen in the dendrogram. In a study by Neitzke et al. (2010) , in which the objective was to characterize and study the genetic distance of accessions, with an ornamental potential, of the Germplasm Active Bank of Capsicum of the Embrapa Temperate Climate, also using the UPGMA clustering method, the result was the formation of three groups genetically distant by quantitative characteristics and six groups by the evaluation of qualitative characteristics. It was found in the aforementioned work that it was not possible to genetically separate species in each group formed, a fact that also occurred in this study, where the three formed groups (II, III and IV) had varied species. Multivariate techniques were used by Ferrão et al. (2011) to evaluate genetic divergence among 34 subsamples of the germplasm collection of Capsicum baccatum. Based on two canonical variables, subsamples were separated into five distinct groups with a genetic variability among them. The grouping method used allowed visualizing the genetic variability among 34 pepper subsamples. This can also be observed in the methods employed in this study, where almost all evaluated accessions had a reaction similar to fungus infection for almost all variables. Monteiro et al. (2010) applied the Tocher optimization grouping method to 23 pepper accesses from 7 quantitative descriptors and 19 qualitative multicategoric descriptors. They detected the formation of eight groups, both for quantitative descriptors and qualitative multicategoric descriptors. Using the modified Tocher grouping test, there was the formation of five genetically distinct groups, confirming that there are differences among accessions in relation to resistance or susceptibility response. Vasconcelos et al. (2012) , upon verifying the efficiency of multicategoric descriptors of flowers to estimate the genetic dissimilarity among Capsicum chinense accessions from the Capsicum Germplasm Active Bank, with groupings using UPGMA and Tocher methods for quantitative data, and one grouping using the Tocher method for qualitative and quantitative data, obtained a dendrogram with the formation of four distinct groups and the formation of three groups using qualitative data and 10 groups using quantitative data through the Tocher method. That work also concluded that multicategoric descriptors of flowers are efficient to estimate the genetic dissimilarity among accessions, a fact also observed in this study, because the use of resistance components to infer the genetic diversity in a GAB was effective. The groups formed by the optimization method were similar to the grouping represented by the hierarchical clustering methods UPGMA and 3D dispersion graph. The accessions UNEMAT 151 Capsicum baccatum var. pendulum, UNEMAT 63 C. chinense, UNEMAT 56 C. chinense, UNEMAT 66 C. baccatum, UNEMAT 38 C. chinense and the accession UNEMAT 81 C. annuum were always emphasized and isolated from the other groups, thus being in concordance. This was also observed by Arriel et al. (2006) . Upon comparing different multivariate techniques in the characterization of 35 sesame genotypes using 769 RAPD markers, they concluded that among hierarchical clustering methods, UPGMA has the best adjustment to original and estimated distances, and UPGMA and Tocher optimization methods are complementary in the formation of clusters. Faria et al. (2012) compared three methods for determining the number of groups in studies with the application of hierarchical clustering methods based on data obtained from the characterization of 49 Capsicum accessions. The Tocher method showed the formation of four groups: three groups had only one accession. In this work, only one group (group 5) had only a single genotype, revealing the dissimilarity of this genotype (UNEMAT 38) in relation to the other genotypes.
In the evaluation, other prominent variables that greatly contributed to the genetic diversity of accession were length and lesion diameter at the seventh day of evaluation, with great differences in measurements among treatments. This is because in some of the susceptible accessions, the lesion had already reached 100% of the fruit at the seventh day, which did not happen with resistant accessions. This variable gained a fundamental importance for disease resistance analysis. Pedrosa et al. (2004) evaluated the components of resistance of eight cultivars and two onion accessions (Allium cepa) to four isolates of C. gloeosporioides inoculated by an inoculum suspension atomization or deposition of mycelium discs in leaves. In this experiment, seven resistance components similar to the components present in this work were evaluated: AUDPC, incubation period, latent period and severity of the disease. The authors concluded that the severity of the disease at nine days of evaluation (SEV9) was potentially useful in evaluating the resistance of onion germplasm to C. gloeosporioides, while in this work, AUDPC and CD7 were more relevant.
Materials and Methods

Experiment conditions
The study was conducted in the municipality of Caceres, Mato Grosso, located between the latitudes 15º27' and 17º37' south and longitudes 57º00' and 58º48' west at an altitude of 118 m. According to the Köppen classification, the climate is tropical hot and humid with a dry winter (Awa). The average annual temperature is 26°C. There is a four-month rainy season (December to March) and an eight-month dry period (April to November) (Neves et al., 2011) . Accessions were collected from farms in the southwestern part of Mato Grosso state.
The field experiment was conducted using a randomized blocks design (RBD) with three replications and two plants per replication. First, the production of Capsicum spp. seedlings was performed in a greenhouse protected from accessions stored in the Germplasm Active Bank (GAB) in a refrigerator using commercial substrate in Styrofoam trays with 128 cells. When the seedlings reached 10 cm in height, they were transplanted into disposable cups. After 45 days, they were planted in beds with a 0.8 m space between plants and 1.2 m between rows. Cultural treatments were performed as recommended for the culture according to Filgueira (2013) . The irrigation system was done by dripping, and autocompensant drips were used.
Inoculation and evaluation of the fungus Colletotrichum gloeosporioides in Capsicum fruits
Ripe and unripe fruits were collected from each plot 40 days after anthesis, brought to the Plant Breeding Laboratory (LMGV) of the State University of Mato Grosso, disinfected with 70% alcohol and sodium hypochlorite (0.5%), and washed in sterile distilled water for one minute at each step. Later, they were packaged in Styrofoam trays covered with a transparent plastic bag; inside each tray, moistened pieces of filter paper were placed to build the humid chamber. Eightyeight Capsicum spp. accessions (Table 1) were evaluated for resistance to the fungus C. gloeosporioides in a completely randomized experimental blocks design (RCB) with three replications, with four unripe fruits and four ripe fruits per replication.
For the inoculation, the fungus C. gloeosporioides was grown in a PDA culture medium (potato dextrose agar) and kept in BOD with a photoperiod of 12 hours and a temperature of 24°C for seven days. After this period, the amount of spore suspension was adjusted to 10 6 conidia/mL, with the aid of a mirrored Neubauer chamber. A cut was done in each fruit at the middle region with a sterile needle. In three ripe fruits and three unripe fruits, the inoculation of the fungus was made by depositing a droplet containing 20 μL of spore suspension. One unripe fruit and one ripe fruit from each plot constituted the witness group, to which 20 μL of sterile distilled water was deposited.
The trays were in an environment with a controlled temperature at 24°C ± 2. The evaluation of all fruits was daily made based on the measurement of the lesion diameter and length of each fruit in an interval of 24 hours for each evaluation for 13 days.
Multivariate analysis and resistance components
The evaluation data were subjected to a multivariate analysis using the generalized Mahalanobis distance and the UPGMA clustering method. The GENES software was used based on nine components resistant to anthracnose in Capsicum spp. fruits. They were applied to both unripe and ripe fruits, totaling 18 variables for each accession. The resistance components evaluated were a) Incubation Period (IP): period between inoculations of the pathogen until the onset of symptoms in the fruit. The incubation period was evaluated for the three fruits per replication and the mode was calculated by generating a value for each repetition of each genotype. b) Latent period (LP): period from the inoculation of the pathogen until the appearance of the first reproduction structures, i.e., the appearance of conidia. The latent period was evaluated for three fruits per replication and the mode was calculated by generating a value for each replication of each genotype. c) Number of days until the lesion reached 50% of the fruit length (ND50): number corresponding to the number of days that the lesion took to reach 50% of the fruit within the evaluation period of 11 days. After this period, the lesions that did not reach 50% of the fruit had a null value. The mode for each replication was also calculated. d) Number of days until the lesion reached 50% of the fruit diameter (NDLR50FD): number corresponding to the number of days that the lesion took to reach 50% of the fruit diameter within the assessment period of 11 days. After this period, the lesions that did not reach 50% of the fruit had a null value. The mode for each replication was also calculated. e) Lesion diameter at the seventh day of evaluation (LD7): diameter of the lesion of each fruit of each replication at the seventh day of evaluation. Then, an average was calculated for each replication. f) Length of lesion at the seventh day of evaluation (LL7): length of the lesion of each fruit of each replication at the seventh day of evaluation. Then, an average was calculated for each replication. g) Diameter ratio (DR): ratio between lesion diameter at the last day of evaluation and diameter of the fruit. It was calculated according to the formula DR = (Lesion diameter x 100) / fruit diameter. This formula was applied to all fruits; then, an average for each treatment was calculated. h) Length ratio (LR): ratio between lesion length at the last day of evaluation and the length of the fruit. It was calculated according to the formula DR = (lesion length x 100) / fruit length. This formula was applied to all fruits; then, an average for each treatment was calculated. i) Area under the disease progress curve (AUDPC): first, the area for each evaluation day for each product analyzed was calculated according to the formula ( *diameter*length)/4. Then, the area under the disease progress curve was calculated using the formula of Shaner and Finney (1977) , calculating an average for each replication.
Conclusion
There is a genetic variability in the Germplasm Active Bank of UNEMAT, with the formation of groups of genetically different accessions based on the resistance to anthracnose for both clustering methods applied. The accession 81 was emphasized: it had the highest genetic dissimilarity in relation to other accessions using UPGMA methods, and the accession 38 was grouped in isolation from other accessions by the modified Tocher method. The resistance components that had a higher relative contribution to estimate the genetic variability among analyzed accessions were area under the disease progress curve (AUDPC), lesion diameter and length on the seventh day of evaluation (DL7) and incubation period (IP), but it is necessary to use at least seven variables and explain 80% of the variability of the experiment.
